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Summary. The stab resistance of textiles and membranes is a very important property for 
several areas. For many applications, which are used in the protection area, aramid woven 
structures are normally used. A main problem of these panels is the missing yarn friction, 
which leads to a high yarn slippage 1. It allows a knife or another sharp blade to penetrate the 
fabric, because the yarns slide apart. One solution is to reduce the slippage of the yarns during 
the penetration through the knife and resultant of this effect a higher absorbing of the impact 
energy. To determine the influence of this effect, four different woven aramid structures with 
different properties and pattern, were tested against shift by determining the seam slippage by 
using the fixed seam opening method. Due to this, the behaviour of stab resistance of the 
different aramid fabrics were tested according to the VPAM test instruction “Stab-and impact 
protection” 2. The interdependence between the yarn slippage and the stab penetration was 
tested. A better understanding of this process allows improving fabrics for membranes against 
stab attacks in future. 
1 INTRODUCTION
In the quality evaluation of ready-made garments is the slippage of yarn at the seam an 
important factor. The seam slippage can be defined as the ability of the displacement of yarns,
where the yarns in the fabric slip away from the seam under stress, what means, that the weft 
yarns slip over the warp yarns near the seam, occurred through a given load and cause an 
opening of the fabric. 1 This phenomenon leads to a reduced range of the end-use of possible 
areas. The characteristic of migration or slippage is an important parameter and depends on 
different fabric properties, like fibre type, pattern, the linear density of the yarns and the 
number of yarns per unit length, but also the thread seam construction and stich density. 3 One 
important factor is also the yarn-to-yarn friction. Especially very smooth fibre types lead to a 
high yarn migration, particular in the seam area during high stress. Resultant of this, it is 
assumed, that the yarn friction is linked to the seam slippage 3-5.
In the area of stab resistance of textiles, special for high strength fibres like aramid, the 
effect is given, that during the penetration with the knife, the yarns are not cut; they migrate 
and cause an opening of the fabric. This phenomenon is given for all smooth fibres, which are 
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penetrated by a sharp shape like a knife. Also in the area of membranes, aramid fibres are 
included, for example in loud speaker, where a displacement of yarns is undesired. The aim of 
this work is to analyze the interdependence between this displacement and the seam slippage, 
because it is assumed to be similar to the seam slippage. 
2 MATERIALS AND METHODS
Four different high modulus Kevlar aramid fabrics were tested, which represent a wide 
range of different parameters, like pattern, yarn density, thickness and fabric weight per 
square meter. The structural parameters are presented in Table 1.
Fabric 
code
Structure
pattern
Yarn Count 
tex
Threads 
per cm
Mass 
g/m²
Thickness
mm
Warp Weft Warp Weft
P170 Plain 127 127 7 7 170 0.28
P230 Plain 158 158 7 7 230 0.33
T170 Twill 127 127 7 7 170 0.27
T230 Twill 158 158 7 7 230 0.36
Table 1. Parameter of the engaged fabrics
The fabrics were analysed through an optical observation with a high speed camera and 
pictures were taken after the stab tests. 
Stab resistance measurements of the aramid panels, like they are used in ballistic panels, 
were tested for their resistance against stabbing according to the test instruction VPAM 
KDIW 2004 “Stich- und Schlagschutz”2. The principle of measurement is like shown in 
Figure 3: a blade with a defined sharpness falls from a defined height through the test fabric 
into the box, which is filled with plasticine. Hereby the knife is led by rails to ensure an even 
movement. Afterwards, the stab depth in the plasticine is measured by using a ruler. 
Figure 1: Principle of stab test
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According to the standard VPAM KDIW 2004, the fall height should be set, that a potential 
energy of 15 Joule has to be ensured to reach results of stab depth lower than 10 mm or 25 
Joule for a maximum stab depth of lower than 20 mm. During the preliminary tests was 
found, that the falling height according to the standard at 1.02 m the knife goes through all 
structures and the differences cannot be seen. Also the height of 0.61 m gave no significant 
differences. To find out differences between the fabrics, the fall height was reduced to 28.5 
cm, which equates to 6.9 Joule.
The seam slippage was measured with a tensile testing machine- Textechno Statimat ME, 
according to the standard DIN EN ISO 13936-1.6 Pre-tests showed similar results for tests in 
warp and weft direction. Therefore an average of both results was analysed. 
3 EXPERIMENTAL
3.1 Optical Observation
First of all, pictures were taken with a high-speed camera, to see the penetration in this 
moment, when the blade cuts-into the fabric.
Figure 2: Picture sequence of knife penetration 
The picture sequence (Figure 2) shows the moment when the blade penetrates the woven 
fabric: the blade depresses the fabric and the primary filaments, which are in direct contact to 
the knife, migrate away from this impact area. In this case, the filaments are not cut, just slide 
apart. It is assumed, that the low friction between the yarns lead to a high yarn slippage and 
the blade can ingress deeper. Figure 3 shows the optical observation of the penetration area of 
the fabrics after the stab test. The opening of the fabric can be seen for all fabrics.
Figure 3: optical observation of the fabric opening after the stab tests
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3.2 Stab test results
Figure 4 show the results of stab depth for panels out of six and eight layers of aramid. For 
both test series, the plain weave structures show better results than the twill weave structures. 
Due to the twill structures are looser than the plain weave fabrics, the yarns can slide apart 
easier and the knife can penetrate deeper. 
Figure 4: Stab depth of panels out of 6 and 8 layers
Comparing the results of the stab depth to the seam slippage resuls of these fabrics, the 
looser structures, which can be penetrated deeper are also easier to slide apart during the 
determination of the seam slippage behaviour. 
3.3 Seam slippage
The behaviour of slippage resistance of yarns at the seam was determined according to 
DIN EN ISO 13936-1 and the opening force was measured at a seam opening of 6 and 8 mm. 
These results have been compared to the stab resistance of panels out of 6 and 8 layers. 
Interestingly the curves show an opposing trend, which confirms the assumption of an 
interdependence between the seam slippage behaviour and the stab penetration depth results.
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Figure 5: Comparison of seam opening at 6 mm with stab depth of 6 layers
Figure 5 shows the run of the curves in the opposite direction. When the force, to open the 
seam increases, the stab depth is lower. Also a decreasing of the force shows an increasing of 
the stab penetration. 
Figure 6: Comparison of seam opening at 8 mm with stab depth of 6 layers
While the force to open te seam from six to eight mm increases for the plain weave 
structures round about 5 to 10N, the force for the twill structures stay relatively stable. Like 
shown in Figure 6, they increase from 5,5 to 6,8 N for the P170 and from 3,6 to 6,1 N for the 
P230. 
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Figure 7: Comparison of seam opening at 6 mm with stab depth of 8 layers
The stab depth penetration decreases from six to eight layers for both plain weave panels
like figure 7 demonstrates. The twill weave panels increases or stay stable. Again, the results 
show a relationship between the stab test results and the seam slippage behaviour. 
Figure 8: Comparison of seam opening at 8 mm with stab depth of 8 layers
Figure 8 shows the results of a seam opening of eight mm and the stab depth results of 
eight layers of the panels. A trend of the curves in opposite direction is also given here.
12 CONCLUSIONS
- Aramid yarns show a high migration of yarns in the fabric, which occurs openings in 
fabrics and lead to a decreasing of safety.
- Not only the stab penetration is important to analyse, also the seam slippage behavior 
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gives an impression of the stability of a fabric.
- The results show the relationship between the stab depth and the seam slippage. An 
increasing of the force to open a seam, leads to a better the result of the stab depth. 
- Understanding the phenomenon of yarn sliding, will help to forecast the fabric 
properties for safety garments but also for membranes or other applications.
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